In distribution systems power quality is of increasing importance as the low voltage consumers use microelectronic components for control and operation, which are sensitive to voltage dips and power interruptions. In an investigation of VEÖ (Verband der Elektrizitäswerke Österreichs, Union of Austrian Utilities) the functional sensitivity of low voltage consumers on voltage dips investigated. Short circuit faults and large load variations may cause voltage dips. After system faults not only voltage dips but also interruptions or low voltage situations of longer duration are possible in electrical distribution systems. These phenomena are purely random in nature and their amplitude and duration varies in a significant range. It was found, that the allowed duration of a short interruption for personal computers is between 80 ms to 450 ms with an accumulation around a value of about 200 ms. The respective values for video recorders are between 50 ms and 200 ms. Gas discharge lamps are able to withstand short interruptions with durations of 10 ms to 100 ms. For an easy comparison with the above immunity values, the typical duration and amplitude of voltage depressions in low voltage supply networks can be found in fig. 1 . Faults in low voltage networks have a clearing time between approximately 5 ms if fuses are used and up to 150 ms for circuit breakers. Short interruptions by auto-reclosing lead to zero voltage in the range of 300 ms to 500 ms in medium voltage networks. In high voltage systems the duration of supply interruption by auto-reclosing is up to 750 ms. But as these networks have a redundant structure, in most cases no interruption of energy flow can be observed in underlying low voltage networks but only a voltage dip.
To improve the immunity of devices against voltage dips in principle two measures are possible: at the consumer side and at the network side. At the consumer side the power electronic can be redesigned to withstand voltage dips and voltage deviations. An improvement of the ride through capabilities of consumers under voltage dips can be achieved, if the smoothing capacitor is large enough for a ride through of minimum about 300 ms. If the switched mode converter following the rectifier and the smoothing capacitor are is designed for low steady state voltage situations e.g. for 50% of nominal voltage, in many cases malfunctions are excludes. Such measures only lead to small additional costs on the equipment side but helps to reduce the number of malfunctions significantly.
On the network side the costs for redundant structures can be very high, especially in rural areas with low consumer density. In the liberalized electricity market the utilities are constrained to save costs. So the tendency to rebuild a distribution network to reduce the number of voltage dips will in future decrease.
VOLTAGE DIPS AND SENSITIVITY OF CONSUMERS IN LOW VOLTAGE NETWORKS
Günther Voltage variations will therefore not be regarded further in this paper.
•
Voltage dips
A voltage dip is a sudden reduction of the supply voltage to a value between the range of 90% to 1% of nominal voltage and with a short duration from 10 ms up to one minute.
Short term interruptions
These are interruptions of supply up to a duration of 3 minutes. Interruptions are defined as system state with a voltage at the point of common coupling (PCC) below 1% of the agreed voltage.
Long term interruptions
Here the duration is above 3 minutes and the voltage at the PCC is below 1%.
Low voltage consumers will under the condition of short term and long term interruptions normally have a malfunction, so these types of voltage depression are not regarded in this paper.
VOLTAGE DIPS AND INTERRUPTIONS IN DISTRIBUTION NETWORKS
The main reasons for malfunctions of electrical low voltage devices are voltage dips and short interruptions. These are caused during short circuits and subsequent fault clearing by protection equipment or by a sudden change of load such as motor starting. Most of these voltage depressions have a duration of less than 500 ms.
According to table 1 after short circuit the duration depends on the kind of protection system. Power quality simulator for testing of low voltage consumer types For the actual measurements, mainly voltage depressions according to [3] with ∆ϕ = 0 0 were used. Their duration was increased in steps of 5 ms or 10 ms, respectively at a constant ∆V/V n until a malfunction of the low voltage device was observed. For the next data point the amplitude ∆V/V n was changed to a new constant value and the duration of the voltage depression was altered again until another malfunction occurred.
Protection Scheme duration of voltage dip

RESULTS
The measuring procedure described above results in a sequence of amplitude/duration combinations of voltage depressions that are leading to malfunction of a device. In fig. 4 the measured amplitude/duration combinations leading to malfunction of a high-pressure mercuryvapour lamp are shown as an example. For the mercury lamp under investigation, a short interruption with a duration less than 5 ms does not result in malfunction. Increasing this duration to 10 ms results in extinguishment of the arc and therefore the luminous flux. If the voltage depression does not fall short of 79 % of nominal voltage, then certainly the luminous flux is reduced but there is no interruption of the illumination. All combinations of amplitude and duration of voltage depressions lying above the curve in fig. 4 do not result in malfunction. A similar behaviour as shown in fig. 4 is found for the class of electrical low voltage devices, that is equipped with a switched-mode power supply. As shown in fig. 5 , which is valid for personal computers, the area of malfunction is formed by a rectangular region. The permissible duration of voltage interruptions depends on the size of the smoothing capacitor that is used in the switched-mode power supply. The minimum voltage amplitude for long duration voltage dips is determined by the switch mode power electronic following the capacitive smoothing. A similar behaviour can be observed for all low voltage devices using a rectifier with capacitive smoothing. In accordance with fig. 5 , the area of malfunction can simply be described by a single point, characterising the left upper corner of this region, which is approximately rectangular. This holds for a PC like the one in fig. 5 and approximately for the high-pressure mercuryvapour discharge lamp in fig. 4 as well as for the other investigated devices. In fig. 6 these left upper points of the malfunction areas are shown for different devices.
Low voltage devices under investigation
The following types of devices have been investigated: Compact fluorescent lamps have a similar behaviour than fluorescent lamps and an even faster ignition capability.
High-pressure gas-discharge lamps are sensitive even to very short voltage interruptions. They will e.g. already extinguish at voltage dips with V/V n = 70 % and a duration of about 5 to 10 ms. For reignition a time delay of up to 15 minutes is necessary.
Personal Computers
Personal Computers have a power electronic with an rectifier with capacitive smoothing, as shown in fig. 7 . Behind the capacitor is switched mode converter operated at some kHz with a small transformer. Two influencing factors are relevant for this equipment. A malfunction of personal computers due to voltage dips and short interruptions was estimated, if there was no response to key strokes at the keyboard or if the computer was performing a new start of the operating system. Both cases can result in loss of data.
In fig.°6 the results for different personal computer is shown. In the worst case a computer will have a malfunction at a voltage dip of 80 ms duration, in the best case after 450 ms. The steady state voltage drop can be between 65% and in the best case about 30%. On the network side the costs for redundant structures can be very high, especially in rural areas with low consumer density. In the liberalized electricity market the utilities are constrained to save costs. So the tendency to rebuild a distribution network to reduce the number of voltage dips will in future decrease.
